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Introduction
has reviewed the existing knowledge of homing in mammals, including rodents. He presented three basic hypotheses for explaining the capability of individuals in finding home ranges when displaced experimentally to various distances. Finding a home range may be due to: (1) random searching for the home range (while penetrating the area after release), (2) familiarity with the area between release site and home range, and (3) innate capability of animals to find their home ranges by navigation. The order of the three hypotheses is consistent with increasing complexity of explanation of animal returns to home ranges. I he latter hypothesis leads to search for physiological "compasses" used by animals while homing (Bovet 1992 and references therein). Bovet (1992) and other authors suggest that an animal returning home actually may not necessarily head to the home range but to a much more extensive "life range". However, that term is not sufficiently defined and it does not produce methodological bases for empirical delimitation in the field.
Another phenomenon, rarely found by students of animals, is catching individuals far from their home ranges determined on the basis of earlier multiple catches. Such cases are explained as occasional "sallies" or "excursions" outside usual home ranges (Gashwiler 1959 , Ilienko and Zubchaninova 1963 , Stickel 1968 , Furrer 1973 , Joslin 1977 , Bovet 1992 . For some time several papers have been published suggesting that in fact rodent home ranges are not small. "Sallies", earlier recognized as occasional events, appeared to be normal behaviour of small mammals (Crawley 1969 , Andrzejewski and Babinska-Werka 1986 , Lidicker and Patton 1987 , Liro and Szacki 1987 , Clark et al. 1988 , Tew 1988 , Szacki and Liro 1991 , Szacki et al. 1993 , Liro and Szacki 1994 , Kozakiewicz and Szacki 1995 , Szacki 1999 . Thanks to their mobility rodents are able to find promptly a new food source appearing in the field (Babinska-Werka 1990a, b) .
Data indicating an extensive range of movements suggest that a small home range is a methodological artifact resulting from the presence of a grid of live-traps. It makes necessary a re-interpretation of results of many studies of small mammal ecology that use CMR and small grids of traps (Andrzejewski and Babinska-Werka 1986) . For example, the distinction between sedentary and migrating parts of a population (Rail 1936 and a great body of later information), estimation methods for small mammal density especially developed during the International Biological Programme (Grodzinski et al. 1966 and others) and the theory of territoriality of adult bank vole females (Bujalska 1973 (Bujalska , 1985 (Bujalska , 1988 (Bujalska , 1990 should be critically reviewed. Also, the theory of homing should be revised since displacement of an animal at a distance of a few hundreds or even over 1000 m from the site of capture may still take place within the area of usual movements of small mammals.
We should go back to the old hypothesis that individuals, displaced some distance from their capture sites, find a group of traps set in a small grid where they had been caught previously because they use information about familiar routes between release and capture sites (Murie and Murie 1931 , Robinson and Falls 1965 , Fisler 1967 , Anderson et al. 1977 although, irrespectively of the hypothesis assumed, considerable mobility of rodents may increase their homing success. Common occurrence of long distance movements among small mammals means also that a consdiderable proportion of their movements are usually not covered by trap grids of a standard size.
The aim of our study was to assess homing and generally spatial mobility of bank voles Clethrionomys glareolus (Schreber, 1780) in relation to information indicating long range movements. Also, we attempted at finding possible movement patterns of bank voles basing on trapping data and their hypothetical movements outside our grid of traps.
Material and methods
The study was carried out in Kampinos National Park, some 30 km west of Warsaw. The study are; was located in relatively homogenous habitat of alder wood aged app. 100 years, belonging to the plait community Carici elongateae-Alnetum (Koch, 1926) . Six lines of traps (A, B, C, E, F, and G) 600 m long were set at 100 m intervals (the distance was 200 m between C and E lines only; Fig. 1 ). A and G lines consisted of 100 wooden live-traps set at 6 m intfrvals. Each of lines B, C, E and F consisted of 200 snap-traps at 3 m intervals. So, lines of live-and sna>traps formed a square of 36 ha. Snap-traps were used to obtain data on return routes of indviduals caught in live-traps in lines within the square. The use of live-traps on all the lines would havi resulted in permanently interfering with individuals traveling across the study area, and severely biaiing the picture of their spatial activity.
Live-traps were set on lines and not in a grid as we assumed that lines influence movements of smill mammals to a lesser degree than a grid of many traps. Using two lines ("eastern" and "western") on >pposite sides of the release point was needed to determine homing abilities of small mammals uncer study. "Northern" and "southern" lines of traps were not set to avoid a complicated geometrical arrmgement of bank vole caughts. Arrangement of traps in a way they would formed concentric figires was impossible in a dense forest without cutting many trees and bushes and the study area was located in a national park.
The bait in live-traps consisted of oat grains. Snap-traps were provided with two types of bait: (1) plastic sponge soaked with sunflower oil and (2) similar sponges with the odour of bank voles from the laboratory (Andrzejewski and Owadowska 1994) . Snap-traps containing oil bait were set on the first hahes of B and C lines (traps numbered 1-100) and on the second halves of E and F lines (traps 101-200). The remaining traps were provided with bait containing bank vole odour. Thus, we have obtiined a pattern of four quadrates to compare results of catching in traps containing different baits (Fif. 1). Two different types of bait allowed for addressing the question whether one of them reveals moie return routes than another.
Rodents were trapped in September 1994, for 14 days. Traps were checked once daily, in the morning. Individuals caught in live-traps were marked by toe-clipping. Species, sex and place of cap.ure were recorded for every animal caught. Animals were released in the centre (R) of the study arei ( live-traps), sex, and number of trap station were recorded. Rodents caught in snap-traps were dissected to check for breeding condition (position of testes, implantation scars, presence of embryos, lactation). The population was relatively homogenous in terms of sexual activity (after breeding season) and in terms of age structure (most individuals had been born in the summer 1994).
During the study, a total of 1230 bank voles were caught including 613 individuals caught in live-traps. Besides, a few individuals of Apodemus flauicollis, A. agrarius, Micromys minutus, and Microtus agrestis were also caught. They were not subject to any further analysis.
Results

Numbers of bank voles caught in live-traps and snap-traps
We have compared average number of voles caught per day in live-traps and snap-traps, separately for lines located far from and close to the central point R. It was found that the average number of catches of bank voles per day was greatest on lines of live-traps (line A: 3c ± SE = 37.0 ± 2.9, line G: 31.7 ± 2.3) and the lowest on lines of snap-traps adjacent to the lines of live-traps (line B: 9.8 ± 2.5, line F: 8.5 ± 1.8). All differences are statistically significant (Student's ¿-test for paired dependent sample: p < 0.05). More bank voles per day were caught on the lines of snap-traps located in the vicinity of the central point R (Fig. 2) . On average, significantly more bank voles were caught per day in traps with bank vole odour (30.2 ± 10.2) than in traps with sunflower oil bait (17.3 ± 4.9) (the same ¿-test:
Unmarked animals were caught in live-traps throughout the whole experiment. Then they were released at the central point (R), along with recaptured voles. In total, 613 bank voles were marked during the live-trapping, 391 of them (64%) were not re-trapped after releasing, 117 (19%) were live-trapped one or more times after releasing and 105 (17%) were caught directly in snap-traps after release. Nine (of 117) individuals were caught in snap-traps after two or three visits to live-traps (Table 1) . 
Recaptures in live-traps
The experiment revealed four patterns of spatial behaviour of bank voles caught in a certain live trap (CI) and released in the central point R (Fig. 3) : pattern Iwhen a bank vole was re-trapped (in C2) on the same trap line close to the first catch (CI), pattern II -when a bank vole was re-trapped on the same trap line but far from the first catch, patterns III and IV -when a bank vole was re-trapped on the opposite live trap line.
The distribution of numbers of animals that were caught in different locations on the live-trap lines when caught for the first and the second time shows that only 40% (n = 117) of individuals were caught for the second time within the same half of a trap line (Fig. 4, pattern I) , that is, rather close to the place of first capture (distance delimited by 50 traps, that is, shorter than 300 m). Fifteen percent of animals were caught for the second time on the other half of the line (pattern II). Thus, only 55% of individuals were caught the first and the second time on the same line. Sixteen percent of bank voles were caught for the second time on the opposite live-trap line in the same half (either northern or southern), that is at a distance of over 600 m (Fig. 4, pattern III) . A considerable portion of individuals (29%) were caught for the second time on the opposite live trap-line, but on the different half, that is at a distance of more than 600 m from the first catch (Fig. 4,  pattern IV) .
The distribution of catches was different when distances between the second and third catches were analyzed (n = 75). In as many as 90% of cases the animals were caught within the same half of the same line and only 5% in another half of the same line. When third and fourth catches (n = 52) are taken into account, 94% of voles were caught in the same half of the same line. All bank voles caught for the fifth or more time (n = 66) were recorded in the same half of the same line.
I "in"
II "in" lll,IV "in" Fig. 3 . Hypothetical distances between subsequent catches. H -individual "home"; CI, C2 -places of subsequent catches; R -release point in the centre between A and G (lines of live-traps); "in" means that H is between A and G and "out" that H is outside the belt between A and G. Two subsequent catches could be consistent with: pattern I -distance shorter than a half of a live trap line; pattern IIdistance longer than a half of the same trap line; pattern III -catches in the same half (southern or northern), on two opposite trap lines; pattern IV -catches in different halves, on two opposite trap lines.
Two conclusions may be drawn from the above data: (1) a large proportion of bank voles were caught for the second time at a considerable distance from the first one; (2) subsequent catches of bank voles are closer and closer to the previous one.
The second conclusion is also illustrated by the analysis of linear distances between traps where individuals were caught for the first and the second time, the second and the third one, etc, on the same live-trap line. It was found that the larger the number of catches, the shorter was the distance between them ( Table 2) .
The frequency of capturing the same individuals in live-traps was also analyzed. In order to do so, the average number of days between the first and the second, the second and the third, etc, capture in live-traps was calculated. It was found that the period between the consecutive catches was decreased, tending to every-day catches. After the first release only 3% (n = 117) of individuals were captured for the second time as soon as the next day. Between the second and the third capture 34.6% of individuals were caught the next day (n = 75). The longest period between the first and the next catch was 12 days (Table 3) .
Recaptures in snap-traps
During the whole study, 114 marked bank voles first caught in live-traps and released at R were captured later in snap-traps. Of them, 92% were caught after the first release, and the remaining ones after the second or third release (Table 1) .
The period between release of an animal in R and then catching it in a snap-traps was analyzed, separately for the two types of bait used. It was found that the average period between release in R and capture in a trap with sunflower oil was 5.2 ± 2.8 days and 3.2 ± 1.6 in a trap with odour bait (significant difference at p < 0.05, Student's i-test). None of those values differed significantly from those for the period elapsed between the first and second catches in live-traps. The number of marked bank voles caught in snap-traps in consecutive days of the study was positively correlated with the total number of animals previously marked in the study, and not with the number marked on the previous day only (r = 0.7062, p = 0.007).
Discussion
The following preliminary assumptions have been made: (1) bank voles have their "homes" (nest, burrow), where they come back to after each movement, also when returning after experimental displacement at some distance; (2) "homes" of bank voles are distributed rather evenly, providing there is sufficient homogeneity of the habitat.
It is well known that live-traps may constrain a range of small mammal movements (eg Sheppe 1967), however, they are indispensable to catch animals needed for homing experiments. Besides, using two lines 600 m apart instead of a grid of densely set traps considerably reduces the effect of live-traps on small mammal movements.
Live trap lines divided the area into two: the area between the two lines where snap-traps were set and R was located and the area outside the two lines. Bank voles that were caught could have their "homes" in either area. Thus, two logical modifications of the above patterns were possible: "in" and "out". According to "in" modification, an individual's "home" (H) is located in the inner area (between the live trap lines), and according to "out" modification, "home" is located in the outer area (Fig. 3) . Pattern I was recorded in 37% of cases. It is plausible that this pattern was typical for those animals which had "home" relatively close to the site of the first catch. The remaining 63% of the cases were consistent with patterns II and III providing that only the first two captures of each individual were taken into account (Fig. 4) . Thus, a considerable proportion of bank voles were captured for the second time at a long distance from the first catch. When the second and subsequent captures were taken into account, pattern I predominated very clearly (only 3% of cases were consistent with pattern III).
A possible explanation for this pattern is that during extensive exploration of the area, bank voles found live-traps (source of food) that were at various distances from "home". If a trap was located close to "home", the animal behaved according to pattern I. If the trap found was far from home, the animal subsequently found a different trap closer to home (pattern II or III), and then regularly visited it as in pattern I. Sometimes finding a closer trap took place only after the second or later captures.
Subsequent visits to live-traps were subject to training. Voles found nearby traps more and more precisely and more frequently after subsequent captures. If their usual trap was already occupied or not working they entered one of several neighbouring traps (Table 2) . As intervals between live-traps were small (6 m), the neighbouring trap was really close.
Another question is what caused the time to re-trapping to be so long (Table 3) . Did an individual spend several days finding its way "home" from point R, or was it the delay between returning "home" and the next visit to a trap? So, what does the observed "training" really mean? Do voles become more efficient at finding their way between R and "home", or between "home" and a nearby trap? The method used in our study allows for an indirect answer only.
Other authors have pointed to the role of training in homing (eg Teferi and Millar 1993) , but they do not consider the above questions because they implicitly assumed "home" was very close to traps in which the individual was caught (within the grid of traps). The fact that the period between subsequent captures in live-traps was long in our study (Table 3 ) justifies the hypothesis that bank voles spend that time not on long search for "home" after release at R but instead, they come back home and then after some time visit certain nearby live-traps. The smaller and smaller number of traps visited and the increasing frequency of visits to traps in the course of the experiment were due to learning the route between H and C2 and not between R and C2 (Fig. 3) .
The fact there is no significant correlation between the number of bank voles released at R on particular days of the experiment and the number of animals caught in snap-traps the next day suggests that animal movements revealed by catches in snap-traps are of within home range movements and not of homing character: animals passed traps rushing home. The fact that bank voles many times crossed lines with densely set snap-traps (every three meters) and were caught in live-traps after release in R indicates that those lines were not a vole proof barrier on the way between R and "home" (Table 1) . As live-traps were more attractive than snap-traps (Fig. 2) they probably reduced efficiently the range of vole movements in the adjacent area. As a result, the trappability on lines of snap-traps located close to live trap lines was lower than that on lines closer to the point R. A considerable range of bank vole movements between lines of live-traps indicates that those traps were visited also by animals having their "home" at equally large distances outside those lines (modification "out" of spatial behaviour patterns).
Also, all cases of spatial behaviour consistent with pattern II (15%) and especially with pattern III (45%) suggest considerable range of movements. Such an extensive range of movements of voles could be the cause of considerable delay in visiting traps, especially when "out" variant occurred, and probably also the large number of individuals that were caught only once in live-traps (64%, n = 613).
The hypothesis that there are two fractions in a population: sedentary and migratory (Rail 1936 and a great body of more recent information) would be consistent with the following propositions: (1) individuals caught only once in live-traps would be dispersers traversing our study area, (2) voles caught on the trap line on one side of the point R and then on the opposite side would be migrants that settled down in the neighbourhood of the second trap-line after the first catch (and thus show consecutive catches in similar locations).
The hypothetical picture of bank vole life in a homogeneous forest habitat seems to be the following: animals wander across large area where they find traps. If traps are provided with bait (food), animals visit them regularly. Thus, live-traps influence (direct and confine) spatial activity of bank voles. Extensive range of spatial activity and resulting familiarity with the area enables bank voles to return promptly after displacement and release at several hundred meters from "home" (homing). That is why homing efficacy depends on distance of displacement and maximal distances of small mammal homing are less than 2 km (Bovet 1978 and literature cited there). Especially large distances can be obtained in the case of movement pattern R -» H -» C, when R and C are located at the farthest ends of the "life range". Then, a bank vole travels the longest possible way between R and H and the longest possible way between H and C. In such a case a researcher obtains the sum of those two distances when calculating the distance between the points of release and a catch.
So, there is no need to search for any special mechanisms of homing like sun or magnetic "compass" (Saint Girons and Durup 1974, August et al. 1989) . Our results confirm that small mammals commonly move at long distances (at least several hundred meters) and that mobility certainly contribute to their homing ability, no matter which hypothesis of homing is assumed as familiarity with the given area acquired during long distance movements is certainly helpful anyway. However, great mobility of rodents makes it impossible to reveal all long distance movements with traps set in grids of a standard size and therefore spatial organization of small mammal populations remains unclear.
